For the tracking stage path planning, we design a two-axis cross-coupling control system which uses the PI controller to compensate the contour error between axes. In this paper, the stage adoptive is designed by our laboratory (Precision Machine Center of National Formosa University). The cross-coupling controller calculates the actuating signal of each axis by combining multi-axes position error. Hence, the cross-coupling controller improves the stage tracking ability and decreases the contour error. The experiments show excellent stage motion. This finding confirms that the proposed method is a powerful and efficient tool for improving stage tracking ability. Also found were the stages tracking to minimize contour error of two types circular to approximately 25nm.
Introduction
Precision positioning [1] [2] and tracking motion are important developments in the field of mechanics for manufacturing products and measuring object dimensions. Basically, they can be classified into two classes of methods [2] : (a) methods to minimize contouring errors by improving axis tracking errors and (b) methods to minimize the contour error directly by using on-line calculations like in cross-coupling control systems. The latter approach, which is the topic of this paper, was originally presented by Koren [4] [5] , and was represented by two DDA (Digital Differential Analyzer) integrators and a digital comparator in a traditional control system. It was proved by mathematical methods that contour errors are at their minimum when the biaxial control system adopts the crosscoupling control. The variant gain cross-coupl coupling control method adjusts the gains of the controller according to the formation of its track and minimizes the contour errors under the curve path. Kulkarni [6] proposed the optimum method for controlling the track, using directly reduced contour error as a benchmark to design an optimum controller that can minimize contour errors. Srinivasan [7] discussed resonance occurring at different gains of the cross-coupl coupling controller and showed that contour errors were minimized through experiments on circle tracking. This method was used by Lue [8] to control the track of a complex 5-axle machine tool.
Careful consideration and design are required for the precision, feed-rate and loading capability of processing equipment applied to TFT LCD and optical communication so as to optimize their efficiency. Consequently, selecting optimal positioning stage technology [9] [10] [11] in processing equipment becomes one of the key factors that affect the manufacture. This research adopts the stage [12] [13] as made by the Precision Machine Center of National Formosa University.
Structure and Action Principles of the Stage
The objective of this research is to control a stage that is of high precision positioning. The stage adopts a modular method to heat and then fabricate each flexure body for constructing a flexure hinge mechanism. The stage includes piezoelectric actuators (PSt1000/10/60 Vs18) and flexure bodies. The structure and object of the stage are as shown in figure 1 . The measurement tools of the system are sets of capacitive sensors, and the total range of the gap sensors is The objective of traditional 2-D tracking control is to reduce axial error. However, it is impossible to reduce axial error to zero due to the dynamic characteristics of the stage, which lead to contour errors under tracking behavior. This method uses the geometric relation of 2-D motion to merge axial errors of the different axes and to compensate for those errors through interdependent changes in X and Y positioning
In order to develop a cross-coupling controller, the first step is to formulate a mathematic model of contour error built up on the axial errors of X and Y that occur during motion. The mathematical model of contour error is not complicated and can be calculated quickly. Therefore, this simple cross-coupling controller is an efficient means to minimize contour error.
Contour Error
In this section, controllers for contour error control are developed for circular contouring. However, the actual route differs from the command route while the stage moves, and such differences are defined as contour errors, as shown in figure 2. 
P(Xp
Equations (2), (3) and (1) 
Equations (7) and (8) 
The x ε and y ε can be obtained for Fig.2 by respectively describing the following: 
Based on the above discussion, and by the aid of equations (11) and (12), at the moment of mode switching the following matrix can be obtained by: 
Then, the cos , sin 
The contour should maintain its accuracy at a certain level even when encountering disturbances. Although disturbances may cause varying parameters, the control system should not degenerate. In general, the CNC should be able to universally execute original tracking with accurate results. After proofreading your paper, it must be submitted on the ASCC2006 web site (ascc2006.tf.itb.ac.id) electronically using PDF or PS formats. Do not send hard copies or use other file formats -they will not be accepted.
Proper usage of the English language is expected of all submissions (i.e., Camera-ready papers). If you submit using the PDF format, make sure that the PDF file looks fine on the screen as well as in print.
Failure to follow the above guidelines may result in a submission being rejected for publication in the conference proceedings and CD ROM.
Structure of the Controller
The common objective of stage motion control is to reduce axial error. However, it is impossible to reduce axial error to zero in curve motion due to a stage's dynamic characteristics. Thus, minimizing contour error during motion becomes an important objective. This research focuses on minimizing contour error by adopting a crosscoupling method to produce experiment results. 
Figure3: Blocks of the cross-coupling controller [13] 4 Stage system
The experiment system shown in figure 4 includes a personal computer for the statistical algorithm and data processing, MATLAB software for compiling the control blocks, a DSP card (dSPACE company, DS1103) for executing the control program of the stage motion and processing digital/analog signals, an amplifier (model SVR 1000-3, supply of 1000 voltage) for supplying the power that the piezoelectric actuator needs to impel the stage, capacitive sensors (PI company, D-050) for sensing the axial displacement of the axes, and a signal processor for the sensors space(PI company, E-509).
Figure4: Flow diagram of the system [13] 5 The paths design and simulation
The simulation model for the paths, and observe the influence on controller of the paths, that can do the compensation in advance to some paths in the future, or find out the best parameter of the paths to reduce the errors. The controller systems frames shown in figure 4 , the blue circle mark are subsystem blocks of paths planning.
Tracking of curve
Simulation begins to tracking of the circular, they have two types: (1) tracking the straight line and then the circular in 45 degrees; (2) tracking the tangent line and then the circular in 45 degrees.
Tracking the straight line and then the circular:
Simulation begins to tracking the straight line (2sec) and then the 4 circles (4sec) in 45 degrees. The input of the stage motion is frequency 1Hz, with a circle of 800nm diameter. As shown in figure 5 . Simulation begins to tracking the tangent line (2sec) and then the 4 circles (4sec) in 45 degrees. The input of the stage motion is frequency 1Hz, with a circle of 800nm diameter. As shown in figure 6 . 
Experiments results
The output values of the capacitor transpositioner are recorded for each trial. Errors are obtained by deducting the output value from the input value. We will discuss three types experiment in order. (1 
Conclusions
The precision positioning and tracking motion of a stage are important developments in the field of mechanics. The experimental results show that the stage reduces remarkably the contour error by adopting cross-coupling control theory. The conclusions are as follows:
(1) Combine a PI controller with a cross-coupling controller to improve the precision positioning and tracking motion of a stage.
(2) The simulation is to utilize simple MATLAB-SIMULINK block not to need the difficult program.
(3) The simulation model for the paths, which can do the compensation in advance to some paths in the future, or find out the best parameter of the paths to reduce the errors.
(4) The experiments of two types described in this research minimized contour error to approximately 25nm in frequency 1HZ, radius 800nm.
